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Iffl&r6vgintants in Powder Compactio n and Enrobing 
Field of the laveg-bion 

Tliis invention concerns tha compacting Of powder e,g» a 
powder containing a medicament, vitamin, dietary supplement 
etc, and suclx compacted powder being enrobed by a 
biodegradable and/or water soluble film, for example a non 
gelatin filfflr aucR as- hydroxypxropyl methyl cellulose (HPMC) , 
to produce encapsulated bodies of compacted powder, suitable 
for dosage forma, e.g. for human ingestion. The invention is 
applicable to all related dosage forme, including tablets, 
but for simplicity all such forms will be generally referred 
herein aa capsules. 



Backqyownd to the Invention 

Tablets are a common type of dosage form and various means 
for improving their properties have been tried. Current 
methods fox coating tablets, such aa phaxaaceutical tablets 
include the uainc, of acelacoaters or pan coaters, which spray 
low molecular weight HPMC grades onto tablets so iii?>arting a 
surface laye»r, which is uniform and smooth, but opaque and 
of low gloss. It is possible for the tablets to have eiabossed 
lettering on them. This method of coating tablets is however- 
very time consiiming and requires a high level of expertise to 
produce- satisfactory results. Production complications such 
as tablet twinning are common, where two tablets become 
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attaohed to one another during the spray coating operation, 
in addition to these problems it is aecassary to compact the 
tablets under relatively high pressures so that they do not 
disintegrate during the coating process. JJhis high level of 
compaction can have an adverse effect on the disintegration 
and dissolution rates of active ingredients contained within 
the capsule, for exampler leading to a delay in the release 
of a drug to a patient, *rtxilat the tatolet slowly dissolve? in 
the stomach of the patient. 

An alternative to spray or pan coating is to use two-piece 
bard capsules. These are produced by a dipping process, 
typically a HBMC solution is used, producing half shells 
which interlock and thus produce an enclosed capsule. These 
capsules are typically opaque but glossy, and cannot have any 
fosm Of e^nbossment, as this would interfere with the overlap 
interlocking process. The nature of the capsule dictates 
that thero will always be an airspace above the powder fill 

^. . 2_ -v^= = -i V.1 1=1. to ccBtnuact the powder 

level. Additxonaixy, x*. *.a f^^^^-^- 

into these tablets, and this so limits the quantity of 
powder Which can be enoapaulated. • It follows that this lack 
of compaction can effectively reduce the amount of e.g. 
medicament which can be encapsulated. The existence of the 
aitf space in the capsule and lack <3f compaction of the powder 
contained within the capsule leads to a capsule that is 
inevitably larger than necessary. 
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It haa also been, found, that, aftea: laanu^actur^ and/or sale of 
two-piece hard capsules, tine capsules can be easily and 
illegally interfered with^ as it is possible to separate the 
two halves of the capsxale and tamper with its contents and 
replace the two halv^ia back together without there being 
any obvioud change in the capsule's external appearance such 
to suggest to the user that there was anything wrong with the 
capsule^ Xbis ittcajls that it can be difficult to detect 
capsules which havo had their contents tampered with» 
HPMC and certain other Uton^-ffelatin materials are suitable for 
ingestion by huxnans, so delivery capsules with gelatin walls 
find potential ude as ingestible capsules, e.g. for the f^. 
delivery of accurately metered dosea of pharmaceutical ^: 
preparations and dietary supplements r as a possible - 
replacement for gelatin l^asBcX capsules , Conventional tablets > 
have already been enrobed. See for example 
WO 02/098394* 

ggmntarv of the Invention 

One aspect of tbe invention concerns a novel method for 
contacting and enrobing a powder to produce capsules with 
enhanced properties . 

A non gelatin film layer is thermoformed into a dudLtable 
tablet sJ^aped pocHet wde>r influer>Ge of beat and/or 
vaeuwft, and/ox pxe3sua;e, A pre-^deterRiined maps of powder is 
dosed into the film fenced pocket, and compressed into a 
tablet shape e.g. with the aid of a piston or pistons. A 
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partially enrobeci ^sQit' tablet results from this process, 
which is then fully enrobed by a second sequence of events 
which involves the raising Of the tablet above a platter 
which allows the reniainder of the compressed tablet to be 
enrobed fay a second film. Suitable tablet shaped pockets can 
be created by using e.g. a pair of pistons slideable Within a 
cylinderr such pistons also having the advantage of being 
able to form pinch points between the platen and the top of 
cylinders which are useful for cutting away unwanted excess 
film from the (partially) enrobed tablets. 

One ot the aims of the present im^ention is to produce 
tamper evident capsules. 

Another aim of the present invention is to produce powder 
filled capsules whereby the powder is enrobed with a material 
which may or may not form a *skin tight wrap' - 

Another aim of the present Invention is to produce a capsule 
with a high gloss surface whioh is able to adopt an 
underlying embossnient^ e.g. to identify a pharmaceutical 
tablet. 

V. 

: 

Another aim of the present invention is to produce capsules 
which have a flange whioh is almost non-discernahle. 



70:01633814444 P: 7-^52 



■SEP-^03 16:58 FRm:BlDPRDGRESS TECHNDLO 01354661607 70:0163:^14444 P:8^52 

5 

Anotlier aim of the present inventipn is to enable the 
production of dosage forms in d wide variety of ahapea and 
sizi^Sr whicb r bocaudo of tfee natvxe of the p^rocesses 
involved and tfie properties of the product producedr 
tnolud€se shapes and sLzes of dosage JTorms which have not .been 
previpu^iy possible tp make or practical to use. 

Another aim of the present invention is to produce capsules 
witb favourable propautles and vhich contain powder or other 
flowablo solid material which is at a favourable state of 
compaction and/or composition, and/or the enoapaulating 
medium of the capsule being fadt dissolving or 

dissolvable (with ooyxtxoX} pharmaceutical grade films -.7 
plastioAs^sd with pharxpaeeutical grade materials. 

Another aim of the present invention is to produce capsules, 
which by their nature^ are easy to awallow/ and moue easily 
can be conveyed to the site where it is desirable where the 
active ingredients are most advantageously released. 

toother aspect the present invention is a method of powder 
compaction to produce powder oompacted slugs r which , for 
example can be enrobed to produce capsules which possess 
fenhanc^d disint^^g^ation and diaaoliitlon properties over a^d 
- above traditional tablets • 
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Another aspect of the present invention is a method of 
producing a capsule, which, at tfee very least can perform the 
saTiie function as a conventional coated tablet, but in which 
the conventional tablet pressing and coating stages are 
replaced by a single powder enrobing process . 

Another aspect of the present invention is a method of 
producing a capsule by enrobing powder, in which, because of 
tSxB nature of capsule produced, certain anaillary ingredients 
necasaaxy in Gonventional tablet production, can be omitted. 
For example, ingredients in a tablet which are added to give 
tha tablet its structural integrity can be omitted, because 
the active ingredients ace in powder form, relatively loosely 
compacted are encapsulated ^d.thin a fXU^r such film which now 
aecurely packages the powder/ ingredients, thus giving 
iiitegrity and forming a discrete effective dosage form- 
Because of tbe aforementioned, componenta contained within a 
tablet which are designed to disperse and break up the tablet 
when it has reached the site of delivery, can be oipJ.tted, au 
the active ingredients in the capsule according to tHa 
present invention are in a non-cojnpacted or at least less 
compacted fona as compared to a conventional tablet, and this 
lesser compaction leads to the easy release and dispersal of 
active ingredients once tjie capsule SLim has dissolved, e.g. 
at the intended site of delivery. 
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Another aapact of the invention provides a nssthod of enrobing 
compacted powder, compriaing vacuum foxroing a tl.lm into a 
pocket, compacting a powder in said pocket, resulting in a 
partially enrobed powder slug in a pocket. Vacuum forming a 
second film over this powder slug to completely enrobe the 
powder Slug, forma a discrete compacted powder filled 
capsule, suitable for use a? a dosage form. 

In yet another aspect of the present invention provides a 
method of enrobing compacted powder using fil^m or filma, to 
form a compacted powder filled capsule, wherein the film or 
films forming the wall Of the compacted powder filled capsule 
used overlap each other. 

jn a further aspect of the present invention provides a 
method of forming and/or enrobing a compacted slug wherein 
the level of compaction of the compacted powder ia less than 
that necessary to reach the industry standard for the 
discrete slug of compacted powder to be described aa a 
tablet. 

In practiaing the method of the invention, the films are 
caused to deform to conform with the external surface of the 
pocket and the compacted powder slug, the films effectively 
forming a secure capsule, by being wrapped around tha powder 
slug. Vacuum chamber or vacuum bed apparatus, in which the 
films and powder are located in a suitably shaped support and 
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Bscpoaed to conditions of vacuum (or substantially reduced 
pressure) can be modified and used fox tliis purpose. Such 
apparatus jnay be baaed oft commercially available vacuum 
chaTObar or vacuum bed apparatus, suitably modified. Vacuum 
forming techniques result in the compacted powder b^itxg 
completely enclosed and encapsulated witnin a film, leading 
to a capsule containing compacted powder, such capsule havioxg 
enhanced and controllable properties over dosage forms 
currently available, such as conventional tablets. 
The powders to too compacted are typically subjected to 
pressures between, but not limited to, 5-lS mega pascals. 
Examples of powders coiW>actBd and enrobed include 
paracetamol, iJ^uprofsn, sorbitol and multivitamin. Other 
powder fills which are contemplated are antacid, anti- 
inflammatory, anti-faistamine antibiotic and anti-cholesterol 
drugs . 



The film should be a material which is suitable for human 
consumption and that has sufficient flexibility and 
plasticity to be vacuum formable. Soma film materials have 
suitable properties in their natural condition, but commonly 
it will be necessary to prs-treat the film material so that 
it is vacuum formable. For example, it may be necessary to 
i e^fipose the filf ^material to a solvent therefor; for instance 
certain grades of polyvinyl alcohol (PVA) will vacuum form 
after application of a small amount of water to the surface 
tJiaroof or when exposed to conditions of high humidity, A 
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further gBUBx^XXy preferred possibility^ is to use a film of 
theqnnoplastiG material (i.e. material capal>le of deCorminq 
plastically on heating) witli the Silm to be in heat-sof tenod . 
condition prior to being thennoformed by exposure to vacuum. 
Suitable thersaoplastlc materials Include modified cellulose 
materials r particularly hydroxypropyl mothyl cellulose (HPMC) 
and Jxydroxypropyl cellulose (HPC) , polyvinyl alcohol (PVA) r 
polyethylene oxide (PBO), pectinj. alginate^ starches, and 
modified starches, and also protein films such as soya esxd 
whey protein films- The currently preferred film material is 
flPJWC. Suitable film materials ar^ currently available. 



When USinq- thermoplastic film* the film is typically heated 
prior to application to pocket or compacted powder slug^ so 
that tne film is in a heat softened deformable condition. 
This can be' achieved by exposing the film to a source of heat 
e.g. an infrared heater r infrared lamps, a heated plate a hot 
air source etc- In the process described, a range of 
temperatures may be used, but by way of example only, where 
films of different thickness may be utilized for the first 
and second films in the process/ a first film forming 
temperature of around 150 degrees centigrade may be used and 
for the second film forming stage, a range of approximately 
70-80 degrees centigrade may be used^ 
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During tD.e enjcobing process, films may be caused to overlap, 
preferably a minimum of 1 .Btcm-lmsa. Compacted powder slugs ma,y 
preferably have a sidowall height of about 3oim and filos may 
be caused to overlap substantially completely over the 
sidewall area. 
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The film material may include optional colourioga* e-g- i» 
the form of food dyes sutdi as FD and C yellow number 5r 
and/or optional flavourings, e.g. sweeteners, and/or optional 
textures etc in known manner i 

The film material typically includes plasticiser to give 
desired properties of flexibility to the film in known 
manner. Materials used as plasticisera include alpha hydroxy 
acids such as lactic acid and salts thereof, maleic acid, 
benzyl alcohol, certain lactones, diacotin, triacetin, 
propylene glycol, glycerin or mixtures thereof* ft. typical 
thermoplastic film fonaulatton is HPMC 77% by weight, 
plasticiser 23% by weight. 

The film suitably has a thickness in the range 20-200 
microns, conveniently 50 to IQO microns, e.g. at about 80 
microns, with appropriate film thickness depending on factors 
including the size and form of the tablet, rilms of different 
thickness may be used, e.g. a film of greater thictoesa may 
be used in the first stage of tha enrobing process, say 125 



tepaB92Q:-^C-^-SeiHe3-:P5T:09t^ 
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microns ttoielcnesB and a film of Issser thickness may be used 
in the aecoad stag© of the enrobing process, say 80 microns 
thickness. 

because of the nature of the film forming proce&a according 
to the present invention/ under certain circumstances, e.g. 
where the powder to be compacted contains particles which* 
under con«>accion/ have the ability to pierce film, it may be 
advantagsoup to h«ve the thiejoxeaa of the film foxm&<X S-ix the 
pocket to be greater than that of the film which is to cover 
the remainder of the compacted powder slug (in the second and 
final phase of enrobement of the compacted powder) . Such 
differential thickneas may give rise to certain advantageous 
dtrUCttUaral features ofi the resultant capsule; the capsule my 
be generally more robust and so may be more safely stored and 
handled ( generally thicker film on the capsule ) , but such 
capsule also possessing a amaller area (window) of weaker, 
thinner film which can give riae to quicker release 
characteristics by the thinner film will dissolving more 
quickly when exposed to any given solvent. An advantageous 
differential film thickness to form a capsule with wall of 
different thickness, could be e.g. 70/90 micron film 
coordination to produce capsules which are robust but which 
release their contents quickly, through a window Cit thinner 
film. 

Therefore films of different thickness may be used in the 
enrobing process, and to give, a further epcajuples , . a film of 
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greater tlxlokneBs may be used in the Cirst stage of tixe 
enrobing piroGe3s, a ttlaxisttum of 200 microns and a minimum Of 
70 microns but say preferably 12S microns thickness and a 
f lliti of lesser thickTj.ess may be used in the second stacre of 
the anrobixxg p?roces6, a maximum of 125 microna and a minimum 
of 50 microns, but say preferably 80 microns thickness. 
When making multiples of enrobed compacted powder slugs , the 
spcing of the couxpacted powder slugs can be important- If 
the compacted powder slugs are position ed too clpgely 
together^ the film Is act able to fully thermoform between 
them- For exaaqole, a spacipg between the adjacent compacted 
powder slugs of about 4mm has been found to give good 
results, the film being able to fully adopt the vertical 
sidewall o£ the compacted powder slug to a distance of about 
2mm before it begins to curve away from the side of the 
compacted powder slug- 



Accordixxg to oxxet aspect of the invention r the method 
involves forming two separate overlapping half coatings of 
film; effectively on the compacted powdor slug- T^e method 
preferably involves^ first forming a film in a pockety then 
compacting a powder slug into the film lined pocket, thereby 
effectively co^ting/ejxcap^ulating a substantial portion of ^a 
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PQwder slug within a film Eormcd into a partial capsule, 
removing tStO remaining film material not coating the 
compacted powder slug o.g. by cutting , then coating the 
remaining half of the contpacted powder slug^ tarith overlapping 
portions of the two coatings sealed together to provide a 
sealed complete enol06ure for the slug, and again removing 
remaining surplus film material not coated on the slug* It 
may be necessary to apply adhesive material between the 
overlapping film coatings e.g. to the surface of the film 
layers^ to ensure the formation of an effective seal 
therebetween and to make the resultant capsulo tamper-* 
evident* *he adhesive material conveniently has the same 
composition as the film, but with a greater proportion of 
plaatioiser, e.g. 93% to 98% by weight plasticiser, so as to 
provide a less viscous material. The adlxesive material may be 
applied, e,g, by use of a roller, spraying etc. A typical 
adhesive fonmilation, with % representing % by weight, is 
HPMC 4%r lactic acid 77% r water 19%. 

The compacted powda>: Slug and capsule conveniently include a 
generally cylindrical side wall portion^ with two half 
coatings overlapping oi> this side wall. Tablets of circular 
symmetrical form with a circular cylindrical side wall are 
very conmionr but other forms e..g. generally oblong and ovalr 
again including a generally cylindrical side wall^ are also 
Imovm ^ 
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It may be also advantageous or desirable to apply acJhesive 
material e.g. as described above, to the surface of coiDpacted 
powder slug prior to the UnaX stage of coating, to p;:oinot6 
adhesion of the second portion of the film thereto- Again, 
this may be achieved by 
e.g. use of a roller, spraying etc. 

a plurality of tablets in an array »ay be coaveniently coated 
simultaneously, using a suitably large sheet of film 
material • 



This invention is now further described in detail, by way of 
example only, with reference to the drawings. Steps a-k show 
the basic compaction and enrobing apparatus and process. 

The drawings show the various stages of a powder 
compaction/enrobing process. 

Figure 1 shows the mechanism of the basio Steps of powder 
compaction and enrobement via Steps a-1? 

a. A first film (1) is laid upon a platten (2). Lower 
•' piston (3) , slide^Xe in cylinder ^(4>. incorporates 

vacuum, port (5) . 

b. Film (1) completely drawn down into cylinder (4) by a 
vacuum created by vacuum port CS) and said film (1) also 



toDBe92g.?:2»:-^ssp'ag.f.oyi og;i 
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resting on the crown of lower piston (3), to form a 
pocket shape. 

c. A cjuantity of powder (6) xa introduced over thd pocJcet 
of film and upper piston (9) moves downward towards the 
lower piston (3) compreasing a quantity of powder (6), 

d. A coanpaoted powder slug (7) resulting from the 
coropXetion of step c. 

e. Cutting of film by the introduction of cutting tool (10) 
to form an isolated semi enrobed slug of compacted 
powder . 

f . Lower piston (3) begins to move i;^wards, theaceby also 
urging compacted powder slug {l^ upweirds. '■■ 

g. Lower piston (3) comes to rest, positioning compacted ^ 
powdee slug (7) proud of platen (2) ' 

h. Introduction of a second film (8) over platen (2) and : 
also loosely stretcShing over compacted powder slug (7) 

i. Second vacuum is applied drawing second film (S) around 
and closely in asoociatiou with the upper portion of 

compacted powder slug (7), second film (8) thewy 
wrapping itself around the upper part of the compacted 

powder slug (7) . 

j. cutting tool (12) descending and trimming off excess 
unwrapped film from powder slug (7) . 

k. Fully enrobed powder sliAg, has been ejected from 
cylinder (4) by the further upward movement of lower 
piston (3) and has the loose fends of the films ironed 
and sealed by irons (13) . . .. 



IOg8a9Za^S=riSlj-^3viP5Sr09:^ 
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1. shows a fully enrobed tablet witH ironed seams. 

Figure 2 depicts a variation of the basic process described 
by ficrure 1. 

steps aL and bl show a second pre-JToxmed film pocket, 
formed by a second vacuuia foKini»g pocket (14) beiug 
lowered onto the platten immediately above a partially 
enrobed powder slug as shown in step f of figure 1. Once 
the opposing film pocket is in position lower piston (3) 
ittoves upwards thus pushing compacted partially enrobod 
powder slug also upwards and into the cavity of the 
second pre-formed film pocket, thus capping the 
pactially enrobed powder slug to form a fully enrobed 
capsule, enrobed by two pockets of film. The capsule is 
than released r trunmed and ironed as mentioned 
previously. 

_ - • i-_ _ «.,.<«>vii2i- <_4.4«». basic oroGBss 

Figure 3 depicts a further vcxj.a.no^»x^. — — i- "^o-* . 

described by figure 1. 

step a2 shows a powder slug as in step f of figure 1, 
and like figure 2 a second pre-formed film pocket is 
introduced, but this time.u.t is a sjiallow pocket, formed 
by a second shallow vacuum fowwing pocket (15), such to 
only coat the top of the powder slug and to form a seal 
at the. ci?.OUmfe?rence of the very edge of the cylittdrioal 
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portion of the powder slug. Stepa a2"d2 show thia 
revised process. This prooass gives rise to a capsule 
with a different type of seal which gives rise to 
different properties in the capsule. 

Figure 4 depicts another variation of the process described 
by figure I. 



However tJae J>esic process is esseicxtialiy dup^-icated to 
form a capsule which contains two distinct hajf doses of 
powder. The basic process as described in figure 1 is 
carried out up to st6p f, in duplicate, which is 
basically steps a3-o3 in figure 4. The main differences 
at this point in figure 4, ara that the two opposing 
pockets filled with eoiftpactad powder (16,17) are half 
size in depth, and the top of the powder slugs are 
essentially Slat, ratlxer than rouwded. Step e3 may 
include the laying down of an intermediate film on the 
surface of the half slug- Steps d3-f3 show the bringing 
togetlxer of 2 half slugs to form a single capsule, 
oomprised of 2 parts, step g3 shows a compartmentalized 
capsule. The advantages are at least 2 separate doses of 
active Ingredients can be incorporated into 1 capsule, 
under ■ perhaps different' ccanpaction pressures ate. This 
gives rise to further flejfibility and options as to the 
perforroajjca of the new dosage forms. 



S4-SEP-2003 17:01 FROM:BlDPf?DGRSS TECHNOLO 01354651607 



TO:01S33814444 



P:S1^S 



( 



18 



The process described, and in conjunction with the quantity 
of powder used, with the careful poaitiotiii^g of the co-acting 
pistons during the ccospaction process, can facilitate the 
formation of pOvnaer slugs having various levels of 
compaction. As iprevioualy described, these varying levels of 
compaction are allowed in the powder slugs because the slugs 
are enrobed within a f ilffl, and it is this film enrobement 
which provides the slug with the necessary integrity it needs 
so that it can function as a convenient and stable dosage 
form. The process and apparatus can be modified such to 
produce caJjSules with varying properties. Which have 
advantages over tablets and conventional capsules already 
known in the art. For example, a capsule according to the 
present invention containing a powder with a low compaction, 
could produce extrexaely favoural>le quick release 
characteristics, suitable, 6.g. for a fast acting analgesic; 
the film can bo both designed to be smooth/flexible, to allow 
the capsule to quickly and relatively psiinlesaly travel to 
the intended site of drug delivery through the digestive 
tract, and also be designed to dissolve at or near the 
intended site -of drtig delivery. Th.a lower compaction of the 
powd^sr in the capsule can aleo aid smooth travel of the 
capsule in the digestive tract, as the contents of the 
capsule can b& designed to be. compressible and mobile, thus 
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allowing the capsule to be bent and/or cpropreseed as it 
travels through the body go that it can confojwa to the shape 
oX a Tnoxe restricted part of a passage^ squeeze through it 
and BO continue its journey through the digestive tract With 
less hindrance. Such dosage toxms may find themselves 
especially useful Where a patient fixida difficulty in 
swallowing^ has a painful or restricted digestive tract, or 
there is some other reason why a dosage form is reqriired to 
be more mobile and less aggressive to the internals of the 
body. 

The following methods are given by way of exi^mple a?id it is 

not intended to lijnlt the invention in any way: i 

Eagaigple 1 
Consumable iteiQ^; 

Film 1 - l25micron thicknesar hprac plasticised with lactic 
acid 13% r and triacetin 5%, processing aid^ ptarch 1% and 
sorbitol monostearate 0.25%. 
Film 2 as film 1 but 80 micron thickness. 

GXue applied to overlap area of first film - benzyl alcohol 
45%/ triacetin SO%,hpmc E15 Promium (Dow Chemical Corp.) 5% 
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groeess deacription 

Film 1 is themoformed into siftffle or multiple t ablet /caplet 
shaped pockfets in a platen, ©act> pocket containing a lower 
piston that can be raised or lowered as necessary to suit 
standard sized tablets and caplets. The tablet shaped pocket 
also has a raised edge profile around the top perimeter of 
the pocket. This edge profile is raised UlWtt above the platen 
surface and has a land width of 0.35ima. The vertical 
sidevall of these pockets is typically 3niiti deep. 

The thermofontking operation involvea the film acting as a 
membrane dividing the two halves of a vacuum chamber, which 
are separately controlled. The chandler above the filta 
contains a flat heated platen at a temperature Of 
approximately 150'C. Vaeutim is drawn above the film causiixg 
it to be held against the heated plate for a period of 1 to 5 
seconds preferably 3 seconds. The vacuum in the upper chamber 
is ma^intained whilst vacuum is also applied to the lower 
chamber- At this stage the fiilm remains against the heated 
platen. Once the vacuum level in the lower chamber reaches 
at least -0,65 bar the vacuum in the upper chamber is 
released to atmosphere or replaced by positive pressure, this 
forces th6-.filni downwards away from the heated platen aixd 
onto the tablet pocket shaped tooling below, in this way the 
film adopts the Bhape of 

the tablet pocKets id the lower tooling. ... 
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PQWdor dosing and film 1 cutting 

A dosing aoseaODXy is then plac€sd over the film formed 
pocket. This consists of a location niask which sits on 
location dowels in the platen, and a dosing sleeve that rests 
directly above the film formed pocfcetr and sits on the raised 
edge profile ^ The dosing sleeve exactly matches the 
diroensions of the film formed pockets a. dose of powder is 
deposited into the dosing sleeve and falXs into the film 
pocket. Compaction is achieved via a compaction piston that 
advances throwli the dosing sleeve and sweeps any residual j 
powder down into the film pocket below and compacts it to a s 
fixed ^ 
stopf such that it does not out the filmr t>ut instead comes 
to rest directly adjacent to the film* The lev^l of 
compaction is controlled by the mass of powder being 
deposited into the dosing sleeve. The piston below the 
coiapacted powder tablet is then lovjsred and either the 
compaction piston is advanced by a similar amount causing a 
punch cut through the film as it interferes vith the inside 
of the raised edge profile. Alternatively the compaction 
piston is replaced by a out piston which similarly advances 
and causes a punch cut with the raised ed^e profile. The fit 
tolerance between the cut piston and the internal dimensions 
of the raised edge profile are such that the diametric 
clearance is no more than 35 microns - 
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Tl\e apparatus is generally of stainless steel t with the 
piston crowns mads of hardened Steel. The eqaipment was 
machined and supplied by Midland Tool and Design, Biiauingham* 

The tablet is thus pushed down by the cut piston into th© 
confines of the pocket, and coBiaa to rest on the lower 
piston- The location Sftaalc and dosing sleeve and the waste 
film web are then removed. 

Second film applicatiortj^ out and iron 

The partly enrobed core is then raised upwards within the 
tooling^ such that half of the formed tablet sidewall is 
above the raised edge profile. The second film has ISgatn o£ 
glue applied to its surface via gravure roller and this ia 
advanced over the tablets. The film is then thermcfoxmed in 
the same manner as described for the first fillQr ejccept that 
the film is held above the tablets by a spacer plate, such 
that the positioning of the film does not damage the top 
surface of the tablet. It is possible to use a lower heated 
platen temperature ( 50-150 'C) for the second thermoformr as 
the 

film is thinner and softened by the application of glue. 
This helps to limit" the heat exposure of the povder surface. 
The location mask is then positioned over the tablet and a 
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second cut piston is lowered. The second cut piston is 
desi^rt^d such that it foxmg a punch cut on the outride edgo 
of the raised edge profile of the lowep toolingr with a 
diametric fit tolerance of no more than 2S microns. The 
location maskr and second cut piston and waste film web are 
then xemoved and the fully enrobed powder core is pushed 
through a tight fitting tablet shaped heated cylinder (40 "C) 
to ensure the overlap seal L& formed. 

Bxawple 2 

Same conditions as Exaiftple Ir but the following step 
replaces ^Powder dosing and film 1 cutting' stages 

'BowXex doaincr ajod film 1 cutting 

A dosing aaseinhly id then placed over the film formed 
pocket* This consists of a location mask which, sits on 
location dowels in the platen^ and a dosing sleeve that rests 
directly above the film formed pocket, and sits on the raised 
edge profile • The doaing sleeve exactly matches the 
dimensions of the film formed poclcet. A dose of powder is 
deposited into the dosing sleeve and falls into the film 
pocket. The cut is achieved via the Cut piston that advances 
through the dosing sleeve and sweeps any residual 
powder down into the film pockot belOW, The level of 



24-SEP-a003 i7:ffi FROM : TEOHhCLD 01354661607 TO:01633B14444 P:S7^5E 




24 

conrpactilon Is 

controlled by the mass of powder being deposited into the 
dosing sleeve. Thfe cutting piston csuts through th© film as it 
interferes wiixD the inside of the raised edge profile. The 
cut -piston continues to engage with the raised edge for a 
further Imni/ and in so doing compacts the powder further into 
the film shell. The fit tolerance between the cut piston and 
the Internal diraensions of tihe raised edge profile are such 
that the diametric clearance is no more than 25 microns • 

The apparatus is generally of stainless steel , with the 
piston crowns made of hardened steel- The ectttipment was 
machined and supplied by Midland Tool and DeaigHf 
Birmingham. 

The tablet is thus pushed down by the cut piston into the 
confines of the pockety and comes to rest on the lower 
piston- The locatAoxx mask and dosing sleeve and the waste 
film web are then removed. 

Same as example 1, but the tolerance fit for the first cut 
piston is the same as that for the second cut piston, i.e 25 
macrons. 
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Same as example 2, bvt the tolerance fit lor the first cut 
piston is the dame as that for. the second cut piatonr i-e 25 
microns • 
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EXAMPLE 5 



Description of *Sp?- apparatus and process used for 
accurately dosing and compacting powder 



APiaaratus 

The apparatus used in the above process consiste of the foliouring 
assemblies: 

A. A platen containing cavities In which the tablets are formed. 

B. A thermofonning unit. 

C. A powder dosing and compaction unit 

Description of Platen 

The platen consists of a stainless steel plate with a surface that contains a 
row of cavities. The cavities have vertical sidewails and the same cross 
sectional shape as the tablets that are to be formed, see Drawing 0OD3. 
There is a raised edge around each cavity with the section shown in Drawing 
0003 Detail P. This is essential feature for ihs prcoess of cutting the film that 
is formed over the teblet In the second part of "ob- process. Also note the 
recessed surface that protects the raised edge and supports the film above 
the edge prior to first thermoforming operation. 

The base of each cavity is formed by the surface of a piston. Each piston Is a 
close fit (maximum diamstrio clearance of 25 rnicronwtres) In Its respective 
cavity and is held securely downwards into the bottom of the cavity by a 
compression spring fitted around the stem of the piston. The spring force 
presses the end of the stem onto the surface of a cam which is used to control 
the vertical position of the piston and hence the depth of the cavities. Details 
of the piston shape are shown in Drawing 0002. Note the concave recess in 
the front fees of the piston and the square edge ^und the recessed face 
shown in Drawing 0002 Detail P. 

Both the pistons and the platen have small holes (approximately O.Sirni 
diameter) in them to allow a vacuum to be created jn and around the tablet 
cavities during the two thermofDrming processes that form part of the i. . . s "> 
process. The vacuum holes in the platen are shown in Drawlitg 0003 and the 
vacuum holes in the piston are shown In Drawing 0002. 

Views of the complete platen and piston asseriibly are shown In Drawing «» i 
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Description of Thermotormino Unit 

The thermofomning unit consists of a flat heated plate mounted In a chamber 
that leaves only the surface of the heated plate exposed. The chamber is 
connected to a vacuum source and the vacuum is connected to the surface 
of the heated plate by an array of small holes (approximately 0-5mm 
diameter). These holes are an essential feature for the two thermoforming 
processes that form part of the proced$« They prevent air bubbles 

being trapped between the film and the plate. Detafis of the thermofbmilng 
unit including a view of the holes jn the heated plate, are shown in Drawing 
FD00034a, 

Description of Powder Dosing and Conioacstion Unit 
The powder dosing and compaction unit is a complex assembly of parts that 
is mounted above the platen and is connected to the bulk powder supply. It 
has three functions: 

a. To accurately control the quantity of powder that is placed into each 
cavity. 

b. To compress the powder into the catties. 

c. To cut the film that has been formed into the cavities and Vt\us 
^ 8epafBtesitfromthe*waste'fiim. 

The quantity of powder is controlled by a sHder mechanism. The slider 
consists of two finger shaped plates that fit together as shown in Drawing 
0004 to create cavities of the same width as the tablets but of adjustable 
length; the depth of engagement of the two plates controls the leng^ of the 
cavitiee. The assembly of these two plates is mounted such that it c»n slide 
horizontally In a base plate between position W where the cavities are filled 
with powder and position 'B' where the powder is compressed into the tablet 
form, see Drawing 0005. The depth of engagement of the two plates thus 
controls the volume of powder tiiat is translerred in this way. 

To ensure that the cavities in the finger plates completely fill with powder 
there is an agitator mounted above the fill area wrthin the upper housing. This 
consists of a shaft with Vanes' of the fomi shown in Drawing 0007« it Is 
important to note that this is not a spiral screw. When the shaft is rotated the 
vanes agitate the powder gently vwthoul compr^ing it and frius promote a 
consistent uniform flow of powder. Drawing OOOS showd the agitator mounted 
in the 'dosing piston holder', ftenri 1 on tlie drawing. 
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^? Povwier is achieved by means of a row of pistons ttiat are 

mounted In the dosing piston holder' above position *B'. Drawing 0009 
iiiustratesthe compression pistons; note the concave reoess in the front face 
OTtne piston and the square edge around the drcumferenoe of the face as 

2lT?J" S!'"^ °?^u "^^ P*'^*'"^ pass through bores fomied by 

nie finger plates and the base plate as shown In Drawing 0008. Thus powder 
can be swept through the borea and pressed into the platen cavities when the 
l^IT^ f ^^^^3^°^ ""ft nrtounted on top of the platen. The assembly of 
tne dosing unit and platen is shown in Drawing 001O Sheet 1 and a section 
through the complete assembly is shown In Drawing OO10 Sheet 2. 

The strok^ of the compression pistons are fixed to ensure a fixed size ibr the 
finished tablets. The pistons enter the end of the platen cavities In the last 
D.Smm ofji© stroke. This results in a shear cut of the film an>und the Inside 
edges of the cavities. 



Process 

Descripti on of Themriofornnihq Process 

The process starts with thermofonmlng the . film onto the platea 

Ashesl of film Is placed over the platen and the thermoforming unit positioned ' 
over.it. The thennoforming unit Is then pressed onto the f5lm and platen This 
creates a split vacuum chamber with the film acting as a membrane that 
separates the upper chamber (thennotbiming unit) and the lower chamber 
(platen). 

The thennoforming process is started by connecting a vacuum to the upper 
chamber. This pulls the film onto the heated plate, which is at a controlled 
temperature of typically 1 80"C*. After an adjustable period of s few seconds* 
vacuum Is also connected to the lower chamber to evacirate the cavities in the 
platen. Then, when the vacuum level in the lower chamber has reached a set 
level (typically -o.6barig- to "0,8bafTg-) and the film heating time* has elapsed, 
the upper chamber Is vented to atmospt^re. The resulting pressure 
dIfTierence aooss the film forms It Into the cavities In the platen. The 
thenrtofbrmlng unit is then lifted off the platen to complete tlie thennofsrming 
process. 



Note ^ 

*The values quoted fbr the tempe'ratum of the heated'plate, the film heating 
tine and frie lower chamber vacuum level are typical but not exclusively 
definitive. The optimum values for these paranreters are dependent on the 
physical characteristics of the film being used and thus on the film fbrnwiation. 
In general, different operating parameters will be required for different Alms. 
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Description Of th^ P owder Dosing Process 

After the film has been thermoformed the dosing unit is located onto the 
platen. 

The cavities in the finger plates are slid under the rotary agitator and held 
there for a few seconds. Powder from the bulk supply felte under the action of 
gravity and the rotary agitator to fill the cavities- The finger plates are than 
slid to position 'B' so that the cavities (now full of powder) are directly above 
the cavities In the platen. Finger plate 'B' is then nroved relative to finger plate 
W so that the length of the cavtHes In the finger plates Is equal to the length of 
the cavities in the platen; this ensures that all the powder in the linger plate 
cavities can be swept out by the compaction pistons. 

Description of the Powder Compactton Process 
The compaction pistor^ are pressed through the finger plates and b^aa plate 
to press the powder into the platen cavities. Applying more force compacts 
the powder to form firm tablets within the film shells that have been fomtied 
into the platen cavities. 

The size of the finished tablets Is fixed and independent of the quantity of . 

powder transferred because the stroke length is fixed and the force provided 

to compact the powder Is In excess of that required to achieve the fiill strtoke. , ; 

Description of the Film Cutting Process l 
The last 0.5mm of movement of ftie compaction pistons makes them enter the 
top of the platen cavilies. This cuts the film and flius severs the tablets ftrom 
the sheet of film they have been formed fj'om. 

The action of the oonpaction pistons entering the cavities in the platen is an 
Important feature of the cutting process, it creates tablets with very well 
defined edges and overall shape as compared to the attemefive method of 
using separate compression and cut processes. 

Note 

The cutting of the second film (formed over the top of the top of the tablet In 
the second part of the process) Is achieved in a similar way but in this 

case the cutting tool is a hollow tablet shaped tool that engage with the 
outside edge of the raised profiles on the platen to achieve a shear cut. 

Draft Timing Diagram for Process 

A draft timing diagram for the complete > process is shown on the ne^ft 
page to help cian'ly the sequence of events for the thermoforming, dosir^, 
compaction and cutting processes. 
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